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8573 

High-Speed Digital Image Printing System 

Cross Reference to Related Applications 

This application is related to U.S. Patent 
Application Serial No, 10/080,883, filed on February 22, 
5 2002, entitled "'A High-Speed Photo-Printing Apparatus," 
Attorney Docket No. C8541, which is hereby incorporated 
by reference. 

BACKGROUND 

Field of the Invention 

10 The present invention relates to techniques for 

printing digital images and, more particularly, to 
techniques for increasing efficiency of printing in a 
digital image printing system. 

Related Art 

15 Digital photography is becoming increasingly 

popular and is generating a demand for increasingly 
easy, quick, and inexpensive ways to obtain prints of 
digital photographs. The options that currently are 
available to amateur users of digital cameras for 

20 obtaining prints, however, have certain limitations. 

For example, a user who has digital photographs 
stored in a digital camera may print the photographs on 
a home printer, either by first transferring the 
photographs from the digital camera to a computer using 

25 a wired or wireless connection and then printing the 
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photographs from the computer to the printer, or by 
inserting the digital camera's memory card directly into 
the printer and instructing the printer to print one or 
more of the photographs. In either case, printing on a 
5 home printer may be suboptimal for any of several 

reasons. First, the speed of home printers is typically 
limited, often requiring one or more minutes to print a 
single photo-quality 4"X6" image. Printing a set of 
images from a vacation or other event may therefore 

10 require an hour or more. Furthermore, photo-quality 

images require a significant amount of ink to print. As 
a result, the user may be required to purchase many ink 
cartridges and to replace them frequently. Moreover, 
the user interface of the computer and/or printer may 

15 make it difficult to select and print the desired 

images, particularly if multiple copies are desired or 
if the user desires to print images on paper of varying 
sizes. Finally, the Inkjet technologies that are used 
in most home printers produce images that are 

20 susceptible to fading after a relatively short period of 
time . 

The home user may alternatively obtain prints from 
a commercial printing service. For example, the user 
may transfer digital photographs over the Internet to a 

25 service that prints the desired images, charges the user 
a fee, and sends the resulting prints to the user 
through the postal mail. Although prints obtained in 
this manner typically are of higher quality than can be 
obtained using a home printer, Internet photo-printing 

30 services can have certain drawbacks. For example, 
transferring large numbers of high-quality digital 
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images to an Internet photo-printing service can take 
several hours over the 56K modem connection that is 
still used by most home users. Furthermore, 
transferring digital photographs to the computer so that 
5 they may be uploaded to the photo-printing service 

requires additional time and effort, as well as a degree 
of computer proficiency that home users may not have. 
In addition, the use of postal mail as the delivery 
mechanism means that the user must both pay an 

10 additional fee for postage and wait at least several 
days to receive prints. 

An increasing number of walk-in photo development 
businesses are providing digital photo-printing 
services. To obtain prints using such a service, the 

15 user provides the service with the storage medium (e.g., 
memory card) from the user' s digital camera and 
indicates which photographs are to be printed. The 
service prints the selected photographs and provides 
them to the user for a fee. Although such a service 

20 eliminates the problems associated with the use of 

postal mail delivery, problems remain. For example, the 
user may be required to wait a substantial period of 
time (such as an hour or a day) to receive the desired 
prints. As a result, the user may either need to wait 

25 at the store or make a return trip to pick up the 

prints. Furthermore, the service may not provide the 
user with the ability to preview photographs before they 
are printed, thereby making it difficult for the user to 
select the correct photographs to print. It may also be 

30 difficult or impossible for the user to select 

individual options for each photograph, such as the 
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print size and image processing to be applied (e.g., 
red-eye reduction or contrast correction) . 

Digital photo-printing kiosks have been introduced 
in recent years in part as an attempt to address the 
5 problems described above. Such a kiosk is a self- 
contained device that includes a printer, a computer 
(including a display screen visible to the user) , and 
one or more readers for reading digital images from 
storage media. A user may approach such a kiosk, insert 

10 a storage medium from a digital camera, use a graphical 
user interface to select one or more images to print, 
provide payment (such as by inserting a credit card), 
and then instruct the kiosk to print the selected 
images. The kiosk then prints the selected images and 

15 dispenses them to the user. 

Such kiosks can be advantageous to the extent that 
they provide the user with a quick, easy, and flexible 
way in which to select, pay for, and obtain high-quality 
prints. Existing photo-printing kiosks, however, still 

20 tend to print at relatively slow speeds, often requiring 
thirty seconds or more to print a single photograph. As 
a result, a user who wishes to print a reasonable number 
of photographs may need to wait at the kiosk for a 
substantial period of time before all of the prints are 

2 5 complete. 

Techniques that may be used to implement a high- 
speed photo-printing kiosk are disclosed in the above- 
referenced patent application entitled ""A High-Speed 
Photo-Printing Apparatus.'' Such a kiosk may, for 

30 example, include a print mechanism that has a throughput 
of 1-2 photo-quality images per second once the 
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mechanism begins printing. Starting and stopping the 
print mechanism, however, takes time. If the print 
mechanism has finished printing one image and another 
image is not available to be printed, the print 
5 mechanism must be stopped and then restarted when the 
next image becomes available to print. Therefore, when 
using such a print mechanism to print a set of digital 
images, it is desirable to provide the images to the 
print mechanism in a manner which increases the 

10 likelihood that upon completion of printing an image, a 
subsequent image will be available to the print 
mechanism for printing. Providing images to the print 
mechanism in this manner would maximize the number of 
images that could be printed successively by the print 

15 mechanism and thereby minimize the time between the 
beginning and end of printing. In addition, it is 
desirable to begin printing as soon as possible after 
the user has issued a print command, so that the total 
printing time may be minimized. 

20 For the foregoing reasons, there is a need for 

techniques for reducing the total time required to print 
digital images in a digital image printing system. 



SUMMARY 

Techniques are disclosed for decreasing the time 
25 required for a photo-printing device (such as a 

commercial photo-printing kiosk) to print a plurality of 
digital images. For example, the digital images may be 
transferred from a print client to a print server and 
stored in a RAMdisk at the print server prior to 
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printing- Image processing may be performed on at least 
some of the digital images prior to the initiation of 
printing. The digital images may be processed in 
decreasing order of estimated image processing time. 
5 Two or more of these techniques may be combined to 

decrease the total time required to print the digital 
images by, for example, increasing the speed with which 
images may be accessed, decreasing the amount of time 
that passes before printing begins, and enabling all of 

10 the digital images to be printed without stopping and 
restarting the print engine. 

For example, in one aspect of the present 
invention, a computer-implemented method is provided for 
printing a plurality of digital images. The method 

15 includes steps of: (A) transmitting the plurality of 

digital images over a communications bus; (B) receiving 
the plurality of images over the communications bus; (C) 
storing the plurality of digital images in a RAMdisk in 
the order in which the plurality of digital images are 

20 to be printed; (D) retrieving the plurality of digital 
images from the RAMdisk in the order in which the 
plurality of digital images are to be printed; (E) at 
the print server, deleting the plurality of digital 
images after they are retrieved from the RAMdisk; and 

25 (F) at the print server, printing the plurality of 
digital images on output media using a print engine 
without stopping and restarting the print engine. 
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In another aspect of the present invention, a 
computer-implemented method is provided for printing a 
plurality of digital images. The method includes steps 
of: (A) estimating amounts of time required to perform 
5 image processing on each of the plurality of digital 

images; (B) selecting an order in which to perform image 
processing on at least some of the plurality of digital 
images based on the estimates made in step (A) ; (C) 
performing image processing on at least some of the 

10 plurality of digital images in the order selected in 

step (B) to produce a plurality of processed images; (D) 
transmitting the plurality of processed images to the 
server over a communications bus; (E) at a print server, 
storing the plurality of processed images in a RAMdisk 

15 in the order in which the plurality of processed images 
are to be printed; (F) at the print server, retrieving 
the plurality of processed images from the RAMdisk in 
the order in which the plurality of processed images are 
to be printed; and (G) at the print server, printing the 

20 plurality of processed images on output media using a 
print engine without stopping and restarting the print 
engine . 

In yet another aspect of the present invention, a 
computer-implemented method is provided for printing a 

25 plurality of digital images. The method includes steps 
of: (A) identifying a subset of the plurality of digital 
images having estimated processing times not less than a 
first predetermined threshold; (B) performing image 
processing on at least some of the images in the subset 

30 to produce a first plurality of processed images; (C) 

transmitting the first plurality of processed images to 
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a print server over a communications bus; (D) after the 
step (A) , activating a print engine to print the first 
plurality of processed images; (E) printing the first 
plurality of processed images using the print engine; 
5 (F) performing image processing on a second set of 

images including fewer than all of the digital images to 
produce a second plurality of processed images; and (G) 
at the print server, printing the second plurality of 
processed images without stopping and reactivating the 
10 print engine. 

Other features and advantages of various aspects 
and embodiments of the present invention will become 
apparent from the following description and from the 
claims . 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a photo-printing 
system according to one embodiment of the present 
invention; 

FIG. 2 is a flowchart of a method that is performed 

20 by the system of FIG. 1 to print digital images 

according to one embodiment of the present invention; 

FIG. 3 is a flowchart of a method that is used in 
one embodiment of the present invention to print images 
selected by the user in the system of FIG. 1; 

25 FIG. 4 is a block diagram of an embodiment of the 

print client of FIG. 1 in which the print client 
includes an image classifier for sorting images selected 
by the user into a plurality of image classes; 
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FIG. 5 is a flowchart of a method that selects an 
order in which to process images selected by the user of 
the system of FIG. 1 according to one embodiment of the 
present invention; and 
5 FIG. 6 is a flowchart of a method for selecting the 

number of images to transfer from a print client to a 
print server prior to the initiation of printing 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

10 Techniques are disclosed for decreasing the time 

required for a photo-printing device (such as a 
commercial photo-printing kiosk) to print a plurality of 
digital images. For example, the digital images may be 
transferred from a print client to a print server and 

15 stored in a RAMdisk at the print server prior to 

printing. Image processing may be performed on at least 
some of the digital images prior to the initiation of 
printing. The digital images may be processed in 
decreasing order of estimated image processing time. 

20 Two or more of these techniques may be combined to 

decrease the total time required to print the digital 
images by, for example, increasing the speed with which 
images may be accessed, decreasing the amount of time 
that passes before printing begins, and enabling all of 

25 the digital images to be printed without stopping and 
restarting the print engine. 

Referring to FIG. 1, a block diagram of a photo- 
printing system 100 is shown according to one embodiment 
of the present invention. Various techniques that may 
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be implemented in accordance with embodiments of the 
present invention will be described with respect to the 
system 100 shown in FIG. 1. Referring to FIG. 2, a 
flowchart is shown of a method 200 that is performed by 
5 the system 100 of FIG. 1 to print digital images 

according to one embodiment of the present invention. 

The system 100 includes a print kiosk 112. 
Examples of the physical features and general operation 
of the print kiosk 112 are described in more detail in 

10 the above-referenced patent application entitled "A 
High-Speed Photo-Printing Apparatus." The kiosk 112 
may, for example, take the form of a vending machine 
suitable for standalone operation by a lay user 102 at a 
convenience store or other commercial location. The 

15 kiosk 112 may include both a print client 114 and a 

print server 116. Although the functions performed by 
the client 114 and server 116 will be described in more 
detail below, in general the client 114 may be 
implemented as a first computer whose primary function 

20 is to receive and process images from the user 102, and 
the server 116 may be implemented as a second computer 
whose primary function is to receive and print processed 
images from the client 114. The client 114 may, for 
example, be a computer running the Microsoft® Windows® 

25 2000 operating system, having an Intel® Pentium® 4 

processor with a clock speed of 1.6-1.8 GHz, and having 
512MB of RAM. The server 116 may, for example, be a 
computer running the Linux® operating system, have an 
Intel® Pentium® 4 processor with a clock speed of 1.6- 

30 1.8 GHz, and having 256MB of RAM, 
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The user 102 may have a storage medium 104 (such as 
a memory card or CD) containing one or more digital 
images 106, such as digital photographs captured using a 
digital camera. The user 102, desiring to obtain prints 
5 of one or more of the digital images 106, may approach 
the kiosk 112 and insert the storage medium 104 into a 
media reader 122 in the print client 114. The media 
reader 122 may include slots for receiving and reading 
from various kinds of storage media. 

10 The user 102 may then select one or more of the 

digital images 106 for printing (step 202). The print 
client 114 may, for example, include a user interface 
118 that performs functions such as displaying 
thumbnails of the digital images 106 to the user 102 on 

15 a display screen (not shown) , allowing the user 102 to 
select particular ones of the digital images 106 for 
printing, and displaying the total printing price. The 
user 102 issues commands 108 to the user interface 118 
using an input device (not shown) , such as a touch 

20 screen, trackball, mouse, and/or keyboard in the print 
client 114. 

As shown in FIG. 1, the media reader 122 may read 
the selected images 124 from the storage medium 104 and 
store the selected images 124 locally in the print 

25 client 114. For example, the selected images 124 may be 
stored in a hard disk drive (not shown) in the client 
114. Although the media reader 122 may read the 
selected images 124 from the storage medium 104 as they 
are selected by the user 102, alternatively the media 

30 reader 122 may read all of the digital images 106 from 
the storage medium 104 when the user 102 inserts the 
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storage medium 104 in the media reader 122. All of the 
digital images 106 may then be stored locally in the 
print client 114. When the user 102 subsequently 
selects particular ones of the digital images 106, the 
5 selected images 124 may be marked to distinguish them 
from the remaining (unselected) ones of the digital 
images 106. Typically it is more efficient to read all 
of the digital images 106 from the storage medium 104 in 
this manner than to read individual ones of the digital 

10 images 106 as they are selected by the user 102. 

The user 102 may also instruct the print client 114 
to perform various kinds of image processing on the 
selected images 124 prior to printing them. For 
example, the user interface 118 may allow the user to 

15 indicate that red-eye reduction, contrast correction, 

and brightness correction be performed on one or more of 
the selected images 124 prior to printing them. The 
user interface 118 produces image processing parameters 
120 specifying the particular kinds of image processing 

20 to be performed on the digital images 106. 

The user 102 issues a print command 110 to the 
print client 114 upon selecting all images desired to be 
printed (step 204). The user 102 may issue the print 
command 110 by, for example, selecting an on-screen 

25 ^'print" button. The user 102 may also be required to 
provide payment at this time, such as by inserting a 
credit/debit card into a card reader (not shown) in the 
print client 114. Techniques for completing the payment 
portion of the transaction are well-known to those of 

30 ordinary skill in the art and will not be described in 
detail herein. 
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The image processing parameters 120 and selected 
images 124 may be produced in response to the user's 
issuance of the print command 110. The image processing 
parameters 120 and selected images 124 may be provided 
to an image processing unit 126, which performs image 
processing on the selected images 124 as specified by 
the image processing parameters 120 (step 206). The 
image processing unit 126 may also perform additional 
image processing not specified by the image processing 
parameters 120. For example, the image processing unit 
126 may resize all of the selected images 124 to fit the 
size of the output medium and perform thermal history 
control on the selected images 124. 

The image processing unit 126 produces processed 
images 128a-c as a result of performing image processing 
on the selected images 124. The processed images 128a-c 
may, for example, be stored in files on a hard disk 
drive (not shown) in the print client 114. 

The client 114 transmits the processed images 128a 
over a communications bus 132 to the print server 116 
(step 208), where the processed images 128a-c are stored 
in a RAMdisk 134 (step 210) . The communications bus 132 
may, for example, be a fast (gigabit) Ethernet 
connection between the client 114 and server 116. As is 
well-known to those of ordinary skill in the art, a 
RAMdisk is a portion of volatile memory (e.g., RAM) that 
may be accessed using the same interface as a persistent 
storage device, such as a hard disk drive. RAMdisk 134 
thereby emulates the file system of a persistent storage 
device while retaining the fast access speed of volatile 
memory. In one embodiment of the present invention, the 



RAMdisk 134 is 128Mbytes large, thereby allowing it to 
store up to 16 4"X6" KIF (Knowledge Interchange Format) 
images . 

The print server 116 includes a print controller 
5 136 that transmits the processed image files 128a-c from 
the RAMdisk 134 to a print engine 140 in the print 
server 116 (step 212) , The print controller 136 may, 
for example, transmit one of the processed images 128a-c 
at a time to the print engine 140 in a stream 138 in the 

10 order in which the processed images 128a-c were 

processed and stored in the RAMdisk 134, so that the 
RAMdisk 134 is used as a FIFO (first-in first-out) queue 
for the processed images 128a-c. Individual ones of the 
processed images 128a-c may be deleted from the RAMdisk 

15 134 after they are transmitted to the print engine 140 

for printing. The print engine 140 prints the processed 
images, thereby producing printed images 142 (step 214) . 

The term ^'print engine" is used herein to refer 
generally to the components within the print server 116 

20 that are responsible for physically printing the 

processed images 128a-c and thereby to produce printed 
images 142. The printed images 142 may, for example, 
take the form of 4"X6" printed photographs that are 
provided to the user 102. 

25 In various embodiments of the present invention, 

the selected images 124 are processed and transmitted to 
the print server 116 in a manner that is intended to 
decrease the total time required to print the selected 
images 124. Examples of techniques will now be 

30 described for processing at least some of the selected 
images 124 prior to the initiation of printing, and for 
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maintaining a sufficient flow of image data from the 
client 114 to the server 116 to ensure (or at least 
increase the likelihood) that the print server 116 will 
be able to print all of the selected images 124 without 
5 stopping and restarting the print engine 140. Referring 
to FIG- 3, a flowchart is shown of a method 300 that is 
used in one embodiment of the present invention to print 
the selected images 124 in this manner. 

The user 102 selects images for printing (step 302) 

10 and issues the print command 110 (step 304), as 

described above with respect to steps 202-204 of method 
200 (FIG. 2). In response to issuance of the print 
command 110, the image processing unit 126 performs 
image processing on the first n images in the set of 

15 selected images 124, thereby producing a first set of 
processed images 128a (step 306) . If there are fewer 
than n images in the set of selected images 124, the 
image processing unit 126 processes all of the selected 
images 124. 

20 The value of n may be selected in any of a variety 

of ways. For example, the value of n may be selected 
using empirical testing of the print kiosk 112 by trying 
different values of n with various sets of selected 
images, and selecting a value of n that enables the 

25 print client 114 to keep up with the print server 116 in 
all or an acceptable number of cases. The value of n 
may then be fixed for all print jobs. Alternatively, a 
different value of n may be selected for each print job 
using an appropriate formula or algorithm. 

30 Referring to FIG. 6, a flowchart is shown of a 

method 600 that is used in one embodiment of the present 
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invention to select a value for n. Let N be the total 
number of images to print (e.g., the total number of 
selected images 124) . Let Tiga be an estimate of the 
time required to perform image processing on one of the 
5 selected images 124. A value of Tiga may be selected, 
for example, by processing a set of test images, 
measuring the actual time required to process each of 
the test images, and using the average processing time 
as the value of Tiga- Let Tioad be an estimate of the time 

10 required to load one of the selected images 124 from the 
hard disk. A value of Tioad may similarly be selected as 
the average observed load time of a set of test images. 

Let Ttrans be an estimate of the time required to 
transfer a single image from the print client 114 to the 

15 print server 116. In one embodiment of the present 
invention, Ttrans = 200 msec. Let Tsafety be a safety 
margin, such as 100 msec. Let Ttick be the system tick 
time, which indicates the minimum amount of time in 
which the print engine 140 can print a single image. In 

20 one embodiment of the present invention, for example, 

Ttick = 2 seconds. The method 600 initializes the values 
of N, Tiga, Tioad, Ttrans f Tsafety, and Ttick to appropriate 
values (FIG. 6, steps 602-612) . 

Let Ttotai be an estimate of the total minimum time 

25 required to print a single image, beginning from the 
time at which the image begins to be read from the 
storage (e.g., the hard disk drive) in the client 114 
and ending with the completion of printing by the print 
engine 140. In one embodiment of the present invention, 

30 the method 500 calculates the value of Ttotai using 
Equation 1 (step 614): 
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T =7" A-T A-T A-T 

^ total ^ iqo ' ^ load ' ^ trans ' ^ AYT/e/)/ 
Equation 1 

If Ttotai < Ttick (step 616) , the method 600 assigns a 
value of 2 to n (step 618). Otherwise (i.e., if 
5 Ttotai ^ Ttick) , the method 600 assigns a value to n using 
Equation 2 (step 620) : 

«=(A^*(7;../-7;..)/7:.c.)+2 

Equation 2 

Assume, for example, that N = 124 images, 
10 Tiga = 1.4 seconds, Tioad = 0.4 seconds, Ttrans ^ 0.2 

seconds, and Tsafety = 0.2 seconds. Using Equation 1, 
Ttotai = 2.2 seconds. Since Ttotai ^ Ttick (step 616), the 
value of n is selected using Equation 2 (step 620) . 
Applying Equation 2: 
15 n = (124 * (2.2-2.0) / 2.0) + 2 

(124 * 0.2 / 2.0) + 2 
(24.8 / 2.0) + 2 
12.4+2 
14.4 

20 Rounding to the nearest integer, n = 14 in the 

present example. Therefore, the first 14 of the 
processed images 128a-c images would be transferred by 
the print client 114 to the print server 116 prior to 
transmission of the start print command 130 by the 

25 client 114 to the server 116. 

In the present embodiment, the print server 116 
does not begin printing images until the image 
processing unit 126 produces the first set of n 
processed images 128a. More specifically, after 
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producing the first set of processed images 128a, the 
image processing unit 126 transmits the first set of 
processed images 128a over the communications bus 132 to 
the print server 116 (step 308), where the set of images 
5 128a is stored in the RAMdisk 134 (step 310) . 

Once the first set of processed images 128a is 
stored in the RAMdisk 134, the image processing unit 126 
(or other component within the client 114) transmits a 
start print command 130 to the print server 116 over 

10 communications bus 132 (step 312) . The start print 

command 130 is received by print controller 136 in the 
print server 116. In response to receiving the start 
print command 130, the print controller 136 begins 
transmitting processed image files from the RAMdisk 134 

15 to a print engine 140 in the print server 116 (step 

314). As a result the print engine 140 prints the first 
set of processed images 128a in the order in which they 
were transmitted and stored in the RAMdisk 134 (step 
316) . 

20 Preprocessing at least some of the selected images 

124 prior to the initiation of printing decreases the 
amount of image processing that needs to be performed 
after the initiation of printing, thereby increasing the 
likelihood that the client 114 will be able to keep up 

25 with the server 116 after printing begins. As a result, 
preprocessing at least some of the selected images 124 
before beginning to print is one technique that may be 
used to increase the likelihood that the entire set of 
selected images 124 may be printed without stopping and 

30 restarting the print engine 140, thereby decreasing the 
total time required to print the selected images 124. 
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After producing the first set of processed images 
128a, the image processing unit 126 determines whether 
there are any additional selected images 124 to process 
(step 318). If there are no more selected images 124 to 
process, the method 300 terminates - 

If there are additional selected images 124 to 
process, the image processing unit 126 processes a 
second set of m images in the selected images 124, 
thereby producing a second set of processed images 128b 
(step 320). Although step 318 is shown after step 316 
in FIG. 3, the image processing unit 126 may continue 
processing images immediately after producing the first 
set of processed images 128a (step 306) , so that step 
318 may be performed concurrently with one or more of 
steps 308-316. In other words, the image processing 
unit 126 may continue to process images in the set of 
selected images 124 while previous ones of the selected 
images 124 are being printed by the print server 116. 

The number m of images in the second set of 
processed images 128b may be the same as or differ from 
the number n of images in the first set of processed 
images 128a. For example, in one embodiment of the 
present invention, n = 16 and in = 1, so that the first 
16 of the selected images 124 are processed and 
transmitted to the print server 116 in a batch prior to 
the initiation of printing, while after the initiation 
of printing each of the remaining selected images 124 
(if any) is processed and transmitted to the print 
server 116 individually, in an attempt to ensure that 
processed images are always available in the RAMdisk 
FIFO for printing. 



The client 114 may need to verify that there is 
sufficient free space in the RAMdisk to store additional 
processed images before transmitting them to the server 
116. If sufficient space is not available, the client 
5 114 may check again periodically (e.g., every second) 
and transmit the next set of processed images to the 
server 116 when sufficient space becomes available in 
the RAMdisk 134. 

Once the image processing unit 126 produces the 

10 second set of processed images 128b, the image 

processing unit 126 may transmit the second set of 
processed images 128b to the print server 116 (step 
322), which may store the second set 128b in the RAMdisk 
128b at the end of the FIFO queue (step 324) . 

15 The print controller 136 transmits the second set 

of processed images 128b to the print engine 140 (step 
326) , and the print engine 140 prints the second set of 
processed images 128b (step 328). Note that although 
steps 324-328 are illustrated sequentially in FIG. 3, in 

20 practice they may not be performed sequentially. 

Rather, the client 114 may transmit additional sets of 
processed images to the server 116 as such sets of 
processed images become available (provided that there 
is sufficient room in the RAMdisk to store them) , while 

25 the server 116 may pull images from the RAMdisk' s FIFO 
queue as the print engine 140 becomes ready to print 
each additional image. The process of transmitting and 
storing processed images in the RAMdisk 134 (steps 322- 
324) and the process of retrieving and printing 

30 processed images from the RAMdisk 134 (steps 326-328) 
may, therefore, be performed relatively asynchronously 
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with respect to each other. These process steps are 
illustrated sequentially in FIG. 3 merely for ease of 
illustration and explanation. 

After producing the second set of processed images 
5 128b, the image processing unit 126 determines whether 
there are any additional selected images to process 
(step 318), as described above. Steps 320-328 are 
repeated as many times as necessary to process and print 
all of the selected images 124. 

10 As will now be described in more detail, in various 

embodiments of the present invention the image 
processing unit 126 selects an order in which to process 
the selected images 124 so as to reduce the total print 
time. In particular, the image processing unit 126 

15 selects an order in which to process the selected images 
124 so that the images that are expected to take longest 
to process are processed first. 

Referring to FIG. 5, a flowchart is shown of a 
method 500 that selects an order in which to process the 

20 selected images 124 according to one embodiment of the 

present invention. Referring to FIG. 4, a block diagram 
is shown of an embodiment of the print client 114 that 
may be used to perform the method 500. 

The method 500 may, for example, be performed after 

25 the user 102 selects images for printing and issues the 
print command 110 (e.g., FIG. 2, steps 202-204). In the 
embodiment shown in FIG. 4, the client 114 includes an 
image classifier 402 that may classify the selected 
images 124 into three sets: (1) a set of ""normal" images 

30 404a, (2) a set of ""difficult" images 404b, and (3) a 
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set of ^'reject" images 404c, Note that one or more of 
the sets 404a-c may be empty. 

Images in the ''normal" set 404a are those that may 
be processed by the image processing unit 126 quickly 
5 enough to keep up with the print engine 140. Images in 
the ''difficult" set 404b are images which are expected 
to take a longer time to process than images in the 
normal set 404a. As described in more detail below, the 
image processing unit 126 may process images in the 

10 difficult set 404b before processing images in the 

normal set 404a. Images in the "reject" set 404c are 
expected to take so long to process that it would not be 
possible to process them without resulting in an 
acceptably long amount of time to print the selected 

15 images 124 . 

Referring to FIG. 5^ the image classifier 402 
estimates an amount of time required to perform image 
processing on each of the selected images 124 (step 
502) . The image classifier 402 may produce this 

20 estimate in any of a variety of ways. For example, the 
image classifier 402 may produce an estimate for each of 
the selected images 124 that is proportional to the 
number of pixels in the image or the file size of the 
image . 

25 The image classifier 402 classifies the selected 

images 124 into normal images 404a, difficult images 
404b, and reject images 404c (step 504). More 
specifically, the image classifier 402 enters a loop 
over each image I in the set of selected images 124 

30 (step 506) . The image classifier 402 determines whether 
the estimated processing time for image I (obtained in 



- 22 - 



step 502) is greater than a first predetermined 
threshold Ti (step 508) . If I < Ti, then image I is 
classified as normal (i.e.^ placed in the normal set 
404a) (step 510) . If J > Ti, the image classifier 402 
5 determines whether I > T2 (step 512) . If I < then 
image I is classified as difficult (i.e., placed in the 
difficult set 404b) (step 514). Otherwise, image J is 
classified as a reject (i.e., placed in the reject set 
404c) (step 516) . Steps 508-516 are repeated for the 
10 remaining images in the set of selected images 124 (step 
518) . 

In one embodiment of the present invention, the 
value of Ti is equal to 20Mbytes for JPEG images and 
lOMbytes for TIFF and BMP images, while the value of Tz 

15 is equal to lOOMbytes for JPEG images and SOMbytes for 

TIFF and BMP images. These particular threshold values, 
however, are provided merely as examples and do not 
constitute limitations of the present invention. 

After classifying the selected images 124, the 

20 image processing unit 126 processes the selected images 
124 in an order that is based upon the classification 
performed in step 504 (step 520) . In particular, the 
image processing unit 126 processes the difficult images 
404b first (step 522), followed by the normal images 

25 404a (step 524), The image processing unit 126 does not 
process the reject images 404c. 

The image processing unit 126 may keep track of the 
time being spent to process each of the difficult images 
404b in step 522, and abort the processing of any 

30 difficult images that require more than a particular 
threshold amount of time to process. This threshold 
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amount of time may, for example, be equal to the time 
required to print a single image using the print engine 
140 (e.g., two seconds). The client 114 may notify the 
user 102 of any images in the difficult set 404b or 
5 reject set 404c that are not printed, such as by 

displaying an appropriate error message on a display 
screen (not shown) , 

Step 520 in FIG. 5 merely illustrates the order in 
which the selected images 126 are processed by the image 

10 processing unit 126. It should be appreciated that in 

addition to being processed, the selected images 124 may 
be transmitted to the server 116, stored in the RAMdisk 
134, and printed by the print engine 140 using any of 
the techniques disclosed herein (such as steps 208-214 

15 of the method 200 shown in FIG. 2). Processing the 
selected images 124 in the order indicated in FIG. 5 
will result in the processed versions of the difficult 
images 404b being placed at the front of the FIFO queue 
implemented by the RAMdisk 134. In addition to 

20 processing the difficult images 404b prior to the normal 
images 404a, the image processing unit 126 may sort 
images within the difficult set 404b and/or the normal 
set 404a in decreasing order of estimated processing 
time and process the images in the resulting sorted 

25 order. 

Because the normal images 404a are expected to take 
less time to process than the difficult images 404b, 
processing the difficult images 404b first increases the 
likelihood that the image processing unit 126 will be 
30 able to process the remaining normal images 404a 

sufficiently quickly to keep up with the print engine 
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140 and thereby enable the print server 116 to print all 
of the selected images 124 without stopping and 
restarting the print engine 140. 

In addition to various advantages described above, 
5 among the advantages of embodiments of the present 
invention are one or more of the following . 

As described above, in various embodiments of the 
present invention, at least some of the selected images 
124 are processed by the image processing unit 126 

10 before the initiation of printing. Performing such pre- 
processing decreases the image processing load incurred 
by the client 114 after the initiation of printing, 
thereby increasing the ability of the client 114 to keep 
up with the server 116 once printing has started, and 

15 thereby decreasing the likelihood that the print engine 
140 will need to be stopped and restarted during 
printing. As a result, preprocessing at least some of 
the selected images 124 may decrease the overall time 
required to print the selected images 124. 

20 As further described above, in various embodiments 

of the present invention, printing is initiated before 
all of the selected images 124 have been processed by 
the image processing unit 126. Initiating printing 
prior to processing of all of the selected images 124 

25 may be advantageous because it decreases the delay 

between issuance of the print command 110 by the user 
102 and the initiation of printing, in comparison to 
systems which process all selected images prior to 
initiation of printing. Combining such early print 

30 initiation with image preprocessing in the appropriate 
manner can both decrease the print initiation delay and 
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the total time required to print all of the selected 
images 124, 

As described above, in various embodiments of the 
present invention, RAMdisk 134 is used to store 
5 processed images 128a-c in the server 116- Use of 

RAMdisk 134 may be advantageous in comparison to use of 
a conventional hard disk drive because the RAMdisk 134 
has a shorter and more consistent access time than a 
hard disk drive. As a result, use of the RAMdisk 134 is 

10 more likely to enable the processed images 128a-c to be 
provided to the print engine 140 with a sufficient 
throughput for the print engine 140 to print all of the 
processed images 128a-c without stopping and restarting. 
A further advantage of using RAMdisk 134 to store 

15 the processed images 128a-c is that the RAMdisk 134 may 
easily be used to replace a hard disk drive or other 
storage device previously used by the server 116 to 
store images. This ease of replacement results from the 
fact that RAMdisk 134 emulates a hard disk drive and 

20 therefore may be accessed using the same logical 

interface (protocol) as a hard disk drive. As a result, 
a hard disk drive in the server 116 may be replaced with 
RAMdisk 134 relatively easily, without requiring changes 
to the client 114 or other components of the server 116. 

25 More generally, the ability to maintain a 

sufficiently high throughput of images to the print 
engine 140 enables the print engine 140 to print at its 
maximum speed, thereby reducing the overall print time. 
With an example print engine speed of 1-2 seconds per 

30 image, it becomes possible for the user 102 to print 
anywhere between 30 and 60 images in under a minute. 
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The ability to print images this quickly both enhances 
the quality of the user's experience and increases the 
likelihood that the user 102 will choose to use the 
print kiosk 112 to print images, thereby providing a 
5 commercial advantage to the owner/operator of the kiosk 
112. The techniques disclosed herein may also scale to 
work in conjunction with faster buses, larger images, 
and faster print engines. 

It is to be understood that although the invention 

10 has been described above in terms of particular 

embodiments, the foregoing embodiments are provided as 
illustrative only, and do not limit or define the scope 
of the invention. Various other embodiments, including 
but not limited to the following, are also within the 

15 scope of the claims. 

Elements and components described herein may be 
further divided into additional components or joined 
together to form fewer components for performing the 
same functions. For example, the user interface 118 and 

20 image processing unit 126 may be combined or further 

subdivided into additional components for performing the 
same functions. Similarly, the print controller 136 and 
print engine 14 0 may be combined or further subdivided 
into additional components for performing the same 

25 function. The print client 114 and print server 116 may 
be combined into a single component, so that the print 
kiosk 112 does not operate using a client-server 
architecture- Furthermore, the client 114 and server 
116 need not be implemented within a single physical 

30 housing. Rather, the client 114 and server 116 may be 
housed separately. In addition, the server 116 may be 
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coupled to multiple clients, in which case each client 
may be allocated a portion (e.g., partition or 
directory) of the RAMdisk 134 for storing processed 
images. Although the bus 132 is described above as an 
5 Ethernet bus, the bus 132 may be any communications 

channel for carrying communications between the client 
114 and server 116. 

Messages transmitted between the client 114 and 
server 116 (such as the start print command 130) may 

10 have any format, and the client 114 and server 116 may 
communicate with each other using any messaging 
protocol. For example, the client 114 and server 116 
may communicate with each other by transmitting messages 
contained within files or by transmitting messages using 

15 the ''sockets'' mechanism available in many operating 
systems . 

Although the print kiosk 112 is described above as 
a standalone vending machine, this is not a requirement 
of the present invention. Rather, the print kiosk 112 

20 more generally represents any system for performing the 
functions described herein. Furthermore, although the 
print engine 140 is described herein as using a thermal 
transfer method of printing, this is not a requirement 
of the present invention. Rather, the print kiosk 112 

25 may print images using any printing method. 

The print kiosk 112 may receive digital images from 
any source. Therefore, the storage medium 104 need not 
be a storage medium capable of use in a digital camera, 
but rather may be any medium containing one or more 

30 digital or analog images, such as a floppy diskette, CD- 
ROM, or printed image (in which case the media reader 
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122 may include a scanner) . Furthermore, the printed 
images 142 may be printed on any output medium of any 
size - 

The particular classification scheme described 
5 above with respect to FIGS. 4-5 is provided merely as an 
example and does not constitute a limitation of the 
present invention. If the selected images 124 are 
classified, other classification schemes may be used. 
For example, the selected images 124 may be classified 
10 into two sets, such as normal and difficult or normal 
and reject, rather than the three sets 404a-c shown in 
FIG. 5. 

In the examples described above, the image 
processing unit 126 does not begin processing the 

15 selected images 124 until the user 102 issues the print 
command 110. Alternatively, the image processing unit 
126 may process the selected images 124 as they are 
selected by the user 102 for printing. For example, 
when the user 102 selects a first one of the digital 

20 images 106, the selected image may be processed 

immediately by the image processing unit 126. The 
resulting processed image may be transmitted to and 
stored in' the RAMdisk 134, without waiting for 
additional images to be selected by the user 102. As 

25 the user 102 selects additional images, each such image 
may be processed and stored in the RAMdisk 134 in the 
same manner. If the RAMdisk 134 becomes full, the image 
processing unit 126 may continue to process images as 
they are selected by the user 102 and store them locally 

30 in the client 114. 



- 29 - 



When the user 102 issues the print command 110, the 
client 114 may verify that n images (or the total number 
of selected images 124, whichever is greater) are stored 
in the RAMdisk 134. If n images are stored in the 
5 RAMdisk, the client 114 may issue the start print 
command 130 to the print server 116 and continue to 
process any remaining selected images, as described 
above with respect to FIG. 2. If n images are not 
stored in the RAMdisk 134, the image processing unit 126 

10 may continue to process any remaining selected images, 

as described above with respect to FIG. 2, and issue the 
start print command 130 to the print server 116 once n 
images or all of the selected images 124 have been 
processed, whichever comes first. 

15 If the user 102 deselects an image that has already 

been processed and stored in the RAMdisk 134, the client 
114 may transmit a '"delete" command (not shown) to the 
print server 116, in response to which the print server 
116 may delete the deselected image from the RAMdisk 

20 134. The next one of the processed images 128a-c may 
then be transmitted to and stored in the RAMdisk 134. 

The techniques described above may be implemented, 
for example, in hardware, software, firmware, or any 
combination thereof. The techniques described above may 

25 be implemented in one or more computer programs 
executing on a programmable computer including a 
processor, a storage medium readable by the processor 
(including, for example, volatile and non-volatile 
memory and/or storage elements) , at least one input 

30 device, and at least one output device. Program code 
may be applied to input entered using the input device 



- 30 - 



to perform the functions described and to generate 
output. The output may be provided to one or more 
output devices. 

Each computer program within the scope of the 
5 claims below may be implemented in any programming 

language, such as assembly language, machine language, a 
high-level procedural programming language, or an 
object-oriented programming language. The programming 
language may, for example, be a compiled or interpreted 

10 programming language. 

Each such computer program may be implemented in a 
computer program product tangibly embodied in a machine- 
readable storage device for execution by a computer 
processor. Method steps of the invention may be 

15 performed by a computer processor executing a program 
tangibly embodied on a computer-readable medium to 
perform functions of the invention by operating on input 
and generating output. Suitable processors include, by 
way of example, both general and special purpose 

20 microprocessors. Generally, the processor receives 

instructions and data from a read-only memory and/or a 
random access memory. Storage devices suitable for 
tangibly embodying computer program instructions 
include, for example, all forms of non-volatile memory, 

25 such as semiconductor memory devices, including EPROM, 

EEPROM, and flash memory devices; magnetic disks such as 
internal hard disks and removable disks; magneto-optical 
disks; and CD-ROMs. Any of the foregoing may be 
supplemented by, or incorporated in, specially-designed 

30 ASICs (application-specific integrated circuits) or 

FPGAs (Field-Programmable Gate Arrays) . A computer can 
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generally also receive programs and data from a storage 
medium such as an internal disk (not shown) or a 
removable disk. These elements will also be found in a 
conventional desktop or workstation computer as well as 
5 other computers suitable for executing computer programs 
implementing the methods described herein, which may be 
used in conjunction with any digital print engine or 
marking engine, display monitor, or other raster output 
device capable of producing color or gray scale pixels 
10 on paper, film, display screen, or other output medium. 
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